The predictive value of plasma protein changes in disease is very largely unknown. as relevant clinical and laboratory studies are lacking. The usefulness of zone electrophoresis as a method of detecting a constellation of plasma protein changes is even less clear. With the advent of precise automated techniques for specific plasma protein measurement, zone electrophoresis has little to offer except in the identification and quantitation of paraproteins, where it is essential.
Routine zone electrophoresis of serum proteins on cellulose acetate or agarosc gel is a widely performed investigation in clinical chemistry laboratories. The technique became popular when the measurement of individual proteins was difficult or impossible for the average laboratory. Thus. during the lute IlJSOs. thc simple technique of paper electrophoresis spread likc an epidemic. providing a plethora of information previously only available to the few advanced laborutones able to usc moving boundary electrophoresis. There was no doubt that such separations provided more information than the measurement of albumin, total protein and the derivation of the albuminglobulin ratio. the only other protein investigations available at that time. Over the last 30 years the technique has been refined hy the introduction of ccllulose acetate hy Kohn' and agarose by Johanssorr' as support media. Commercial packaged systcms are widely available and many laborutories perform electrophoresis as a 'routine investigation either on request or on the basis of selection of samples within the laboratory when it is deemed that extra. clinically useful information may he available from this technique. Thus. some laboratories perform electrophoresis on all samples received for liver function tests. othcrs select samples with raised total globulins or low albumin or on the basis of clinical data, There is certainly no This paper was prepared at the invitution or the Clinical Laboratory lnvcstigarion Working Party or the Scientific Committee or the Association or Clinical Biochemists. hut docs not ncccssanly reflect their views. generally accepted set of indications for performing electrophoresis.
Times have now changed and individual plasma proteins can he measured by a variety of techniques within the capability of most laboratories. More complex electrophoresis systems such as isoelectric focusing and ISODALT have no application in the routine district general hospital laboratory but are valuable in specialist centres. Kits are available at competitive prices for the measurement of all the clinically useful proteins. as well as many that are useless. Zone electrophoresis is still widely used but perhaps the time has come to re-evaluate its role as a 'routine' test.
The characteristics of simple serum protein zone electrophoresis
The changes in plasma proteins that are useful in the diagnosis and monitoring of disease are alterations in their concentration and structure. Electrophoresis allows an approximate assessment of the concentration of eight major serum proteins: albumin, alpha l-antitrypsin, haptoglobin, alpha 2-macroglobulin, transferrin, C3, IgA and IgG 3 (Fig. l ) . Additional bands may be seen representing alpha-fete protein, Creactive protein and monoclonal immunoglobulins (when they are present in concentrations above about 0·5 g/L). Electrophoresis may also reflect changes in charge or molecular size of proteins due to structural alterations (usually of genetic origin) or changes in bound ligands, neither of which are reflected in quantitative measurement of the protein. This paper considers only those changes seen on electro- phoresis that are considered to be clinically useful. For more detailed and comprehensive discussion the reader is therefore referred to two recent reviews.I ' 4 Electrophoretic separations are best interpreted by visual examination. Densitometry is useful for quantitating paraproteins but it is less sensitive than the human eye in recognising and interpreting subtle changes in the position and distribution of electrophoretic bands. In addition. there is little value in integrated measurements of alpha I. alpha 2. beta and gammaglobulins. as many bands comprise more than one protein. For these reasons an expert panel on plasma proteins analysis. meeting at the Eighth International Congress on Clinical Chemistry in 1972. s recommended that densitometric scans and the quantitative measurements derived from them should no longer be distributed to clinical staff. The original separation should be interpreted by an experienced observer examining each batch of separations together with at least one normal sample for comparison. It is impossible to examine indi-vidual electrophoretic strips for anything but the most obvious abnormality; interpretation should therefore be performed in the laboratory and electrophoretic strips should not be issued to clinical staff without a report. In addition. there is no doubt that more information can be provided by the interpreter if a clinical question is posed. For example. the 'classical' electrophoretic changes of cirrhosis are not exclusive to this condition but in the context of a known alcoholic patient they could suggest this possibility. The ways in which requesting and reporting of electrophoresis are undertaken greatly influence its usefulness.
Zone electrophoresis in disease
Changes in the concentration and structure of plasma proteins. unless they arc of genetic origin. reflect pathological processes and they are thus rarely characteristic of a particular disease. The changes seen in a particular disease result from the combination of several basic pathological processes. A useful approach Decreased immunoehemical and/or functional levels of C I inhibitor in assessing the value of plasma protein investigations (whether electrophoresis or specific protein measurement) is to think first in terms of the ways in which protein changes indicate pathological processes and then to assemble the processes to form the patterns seen in diseases. For example. cirrhosis of the liver. in its most advanced state. comprises an immune response, inflammation, decreased hepatic protein synthesis and intravascular hacmolysis: some forms may also be accompanied by complement activation while other forms may show only some of these features. The basic pathological processes in which plasma proteins show detectable and useful changes are outlined below. An evaluation of the information that can be gained from electrophoresis or specific protein measurement with regard to these changes is summarised in Table I .
IMMUNE DEFICIENCY
Electrophoresis of serum allows an approximate assessment of the quantity of IgO present. It must be remembered. however. that this immunoglobulin has a wide normal range (from about 5-I5 giL in adults) resulting in a threefold variation in density of the gamma region between these extremes. Very low levels of IgO are usually apparent while deficiencies of IgM and IgA are not. Electrophoresis may thus be used to exclude gross deficiency of IgO but it is not a reliable test for the investigation of other humoral immune deficiencies. Quantitative measurements of IgO. IgA and IgM arc essential for the diagnosis of these important conditions. h
IMMUNE RESPONSE
Polyclonal increases in IgO above about 20 gIL are usually obvious as a diffuse increase in the gamma-globulins on electrophoresis. Increases in IgM are rarely visible as a consequence of the relatively low quantities of this immunoglobulin present in serum. IgA levels above about 6 giL (normal range about o·~·o giL) can he seen as a filling-in of the usually pale area between the beta and gamma-globulins (beta-gamma fusion). Faint multiple bands or 'zoning' in the gamma-globulin area result from restricted. or oligoclonal, immune responses and may be seen in immune deficiency, autoimmune disease and chronic infections. Electrophoresis may thus indicate a significant immune response in IgO or IgA and, although it is doubtful whether such findings are ever clinically essential, they may provide an extra piece of information contributing to a final diagnosis.
I' A R A I' ROT EI N A E M I"
Electrophoresis is essential for the detection of paraproteins. These may reflect an underlying B cell malignancy or merely be the product of an overstimulated clone of cells." It is inadequate to use the quantitative measurement of immunoglobulins as the first line of investigation in paraproteinaernia as clinically significant paraproteins may not increase the total level of an immunoglobulin above the normal range. This is either because they are present at relatively low levels or more importantly because they may be underestimated by certain types of immunochemical methods." Paraproteins occur with sufficient frequency in hospital populations (O'4'X, in one survey)." that it is impossible to be sure that an immunoglobulin measurement is accurate unless electrophoresis has been performed to identify unsuspected paraproteins. It is thus strongly recommended that electrophoresis he performed on all sampies, with the exception of those from children, on which immunoglobulin measurement is to be undertaken. In addition. some workers would suggest that the frequency of paraproteinaemia as a significant cause of an increased total globulin merits the performance of electrophoresis on all samples with raised total globulins. above, for example. 4S g/L, if the liver function tests are normal and there is no obvious explanation.
INFI.AMMATION
The acute phase response of inflammation results in an increase in alpha I and alpha 2globulins on electrophoresis. These changes reflect the acute phase behaviour of alpha I-antitrypsin and haptoglobin. Electrophoresis probably has a similar sensitivity to the measurement of the ESR or plasma viscosity for assessing the acute phase response. All of these are considerably less sensitive than the measurement of C-reactive protein which is now the test of choice in the diagnosis and monitoring of inflammation. III Electrophoresis thus now has no part to play.
Consumption of some acute phase proteins in certain pathological conditions may result in their failure to rise in parallel. This may be reflected in discrepant changes in the alpha I and alpha 2-globulins. Whether assessed by specific protein measurement or by electrophoresis. these patterns probably do not o~cur~ith sufficient frequency to provide diagnostically useful clinical information. II
COMPLEMENT ACTIVATION
Activation of complement with consumption of C3 results in a decrease in the beta 2 band on electrophoresis. Unfortunately. C3 is unstable in serum and storage of samples results in progressive loss of the protein from the beta 2 band. together with its movement to the beta I. Electrophoresis of EDTA plasma may provide an approximate means of quantitating C3 by the appearance of the beta 2 band hut direct measurement of C3 or its breakdown products is more reliable. I'
POOR NUTRITION AND HEI'ATIC DAMAGE
Inadequate nutrition or hepatocellular damage may result in decreased plasma levels of some proteins. The proteins most affected are albumin. prealbumin. transferrin and retinolbinding protein. It is important to appreciate tha~all these proteins show decreased synthesis during the acute phase response of inflammation (they are often referred to as negative acute phase reactants) and that albumin may also be lost from the circulation as a consequence of increased vascular permeability. In addition. liver disease and portal hypertensioñ ay result in loss of newly synthesised proteins mto the ascitic fluid causing low serum protein levels despite normal or increased hepatic protein synthesis. Albumin and prealbumin levels are a poor reflection of liver synthetic capacity in liver disease as ascites and inflammation are often present. Recent studies have shown that retinol-binding protein is the most sensitive and rapidly responding of these prot~ins as an indicator of reduction of synthesis, because of its short half-life. 12 It is used to assess the effectiveness of nutritional replace-m~nt both enterally and parenterally. although this may be better assessed by clinical parameters':' than by plasma protein analysis. Albumin. with a half-life of 19 days. is slower to respond and somewhat less sensitive.
Albumin concentration is difficult to assess by electrophoresis because of the high density of the albumin hand in undiluted serum. Good quality electrophoresis may allow visualisation of a prealbumin band but many systems do not reveal this protein. Electrophoresis thus has no part to play in the assessment of decreased hepatic protein synthesis or nutritional status.
I' ROTEI N -LOS I NG ST AT ES
A decreased serum albumin concentration may
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result from loss through the kidney in the nephrotic syndrome. the skin in burns or the gut in Crohn's disease. coeliac disease and malignancy (protein-losing enteropathy). The return of serum albumin concentrations to normal indicates recovery in these conditions and may be clinically useful. For the reasons already discussed. quantitative albumin measurement should be used.
Plasma protein loss and a consequential falling serum albumin level are accompanied by increasing hepatic synthesis of albumin and of some other transport proteins such as apolipoprotein B and alpha 2-macroglobulin. In the nephrotic syndrome. protein loss is selective for relatively low molecular mass proteins (less than 100 (JOO Daltons), so apolipoprotein B (whi.ch is. present in serum as the LDL lipid partrcle with a relatively high molecular mass of 2-3 x lOll Daltons) and alpha 2-macroglobulin (725 O()(} Daltons) accumulate in the serum causing. respectively. hypercholesterolaemiã nd the typical increase in alpha 2 band of the nephrotic syndrome. Such findings. while characteristic of the condition. are inconsistent. being present only in severe disease. and thus electrophoresis can make no contribution to clinical management.
INTRAVASCULAR HAEMOLYSIS
In the absence of inflammation and an acute phase response. reduced serum haptoglobin levels are a reliable indicator of intravascular haemotysis.!" However. low haptoglobin levels may result from genetic disorders of alpha chain synthesis. common in negro populations. while other. genetical~y polymorphic forms commonlỹ een III Caucasians may give rise to inaccuracy 10 some types of immunochemical assay.!" Haptoglobin is clearly visible. together with alpha 2-macroglobulin. in the alpha 2 band on electrophoresis. The genetic forms HPJ-2 and 2-2 appear slightly cathodal to alpha 2macroglobin. which is seen as a sharp leading edge to the alpha 2 zone. HPJ-! (occurring in about) 5% of the UK population) has a slightly faster electrophoretic mobility than alpha 2rnacroglobin. Decreases in plasma haptoglobin can be detected visually when the level is lower than 50% of normal and contribute to the typical electrophoretic pattern of cirrhosis. metastatic malignancy and severe sepsis. In practice. however. specific measurement of haptoglobin using an appropriate method is more reliable and sensitive as an indicator of intravascular haemolysis.
GENETIC VARIANTS OF PLASMA PROTEINS
The clinically important genetic changes in plasma proteins are those of alpha 1antitrypsin, caeruloplasmin and CI esterase inhibitor, but only variants of albumin, haptoglobin, transferrin and alpha I-antitrypsin may be recognised on electrophoresis.
Alpha I-antitrypsin can be visualised on good quality zone electrophoresis. The PiZZ variant results in low levels of alpha I-antitrypsin which, even in the presence of an acute phase response, rarely rise above 50°/., of the lower limit of the normal range. This form of genetic deficiency can be reliably recognised by an absent or very faint alpha I band on electrophoresis. PiSZ and SS individuals also show faint alpha I bands of slower electrophoretic mobility and levels do not rise above the agerelated median values. The PiMZ and MS variants, however, while sometimes showing faint alpha I bands, may have normal levels of alpha I-antitrypsin in the presence of an acute phase response and would then not be detected. The clinically important variants of alpha l-antitrypsin, PiZZ, PiSZ and PiSS may therefore be recognised by electrophoresis or by quantitative immunochemical assays, but cannot be distinguished from each other. The identification of phenotypes, which is essential for genetic counselling and because of specific associated diseases, must be performed by isoelectric focusing. III
Clinical usefulness of zone electrophoresis
There are three possible strategies for using simple serum protein electrophoresis. The first is to answer a particular question by identifying a specific pathological change. The second is as a screening test, where it is hoped that an abnormality or constellation of abnormalities, seen on electrophoresis, will provide diagnostic clues. The third is as an aid to the interpretation of specific protein measurement.
ZONE ELECTROPHORESIS TO ANSWER A SPECIFIC QUESTION
Electrophoresis is essential for the detection of paraproteins and densitometric scanning of electrophoretic separations is still the most reliable method for their quantitation.
Good quality electrophoresis will reliably detect clinically significant alpha l-antitrypsin deficiencies (phenotypes SS, SZ and ZZ) but these can also be detected by quantitative measurement in serum as levels never rise to normal even in the presence of an acute phase response. Electrophoresis is cheaper but many systems have inadequate resolution for this purpose, so the usc of quantitative measurements is generally to be preferred.
Moderate increases in IgO and IgA can be seen on electrophoresis, but are of little or no clinical value.
ZONE ELECTROI'HORESIS AS II SCREENING TECHNIQUE
The rationale for the use of electrophoresis as a screening test is based on the possibility that one of a number of clinically significant abnormalities may be detected.
In all the pathological conditions we have discussed, except paraproteinaemia, electrophoresis is less sensitive than quantitative measurement, so a profile of quantitative measurements must be a more reliable screening procedure. Electrophoresis is, however, much cheaper: potentially it can identify changes in eight proteins for about a quarter of the price of a single specific protein measurement. It is impossible to be dogmatic about the true clinical value of electrophoresis at present. Our impression is that the typical patterns of disease are usually only seen in 'barn door' cases and are frequently not present whcn the diagnosis is in doubt. There is no argument for using electrophoresis because it is cheaper than a profile of protein measurements. if it is useless. There is certainly a lack of critical evaluations of either approach using well designed studies applied to a range of diseases. 17 The prevalence of paraprotcins in the population suggests that it may be appropriate to perform electrophoresis on all samples with raised total globulins hut otherwise normal liver function tests. In this, selected population paraproteins, an important cause of raised globulins, are much commoner than in the population at large. It must, however, he rememhered that in a hospital population ahout half of the paraproteins will be benign and that only XO'X. of cases of myeloma in fact have a serum paraprotein (20'X, have only Bence Jones protein in the urine).
Many laboratories perform electrophoresis on all samples received for liver function tests. It is unlikely that clinically useful changes in the protein patterns will occur with any greater frequency in this group than in the general hospital population. The changes most often seen are those associated with liver disease which will provide no more information than the liver function tests themselves. It is possible that unsuspected alpha I-antitrypsin deficiency may he recognised in patients with cirrhosis hut this is demonstrable on the liver biopsy which is usually performed on such patients.
ZONE EI.ECTROPHORESIS AS AN AI)JUNCT

TO SPECIFIC I'RorEIN MEASUREMENT
The usc of electrophoresis as a basis upon which to select specific protein measurements is irrational as it is certainly less sensitive than the latter for recognising changes in concentration. Nevertheless. many authors have in the past recommended this approach." There are a number of situations in which electrophoresis has been used to detect changes which may complicate the interpretation of individual protein measurements. It should. however. only he used when it provides qualitative information about the nature of a protein which may aid in the interpretation of the measurement. Most cases quoted in the literature can now he better solved by measurement of one or more additional plasma proteins. For example. the haptoglobin consumption of intravascular haemolysis can he masked by a concomitant acute phase response. which may he recognised by an increased alpha I hand on electrophoresis. Unfortunately there arc several pitfalls in this approach. The increased alpha I is due to the acute phase response in alpha l-antitrypsin which may itself he masked hy common genetic deficiencies (15% of the population have low levels due to the presence of the S or Z gene). or by consumption of the protein in vasculitis. A better solution would he to measure. together with haptoglobin, an acute phase protein which shows an equivalent sensitivity in its acute phase response. such as orosomucoid. A similar approach is also useful in interpreting the C3 level when seeking evidence of complement consumption.
In our opinion the one situation when it is justified to use electrophoresis as an adjunct to specific protein measurements is on all new samples received for IgG. IgA and IgM measurement. because of the prevalence of paraproteins which may interfere with quantitative imrnunogtobulin assays.
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